Abstract. Geographical information systems and remote sensing were used to analyze the distribution of the Leishmania infantum-Phlebotomus perniciosus parasite-vector system in relation to environmental features of two opposite sides (coastal and Apennine) of Mt. Vesuvius, an area of intense transmission of human and canine leishmaniasis in southern Italy. Weekly phlebotomine collections were carried out during two consecutive warm seasons (2004)(2005) in 24 and 25 sites of the coastal and Apennine sides, respectively. Sandflies were caught using over one-thousand and seven hundred 20 x 20 cm-sticky traps placed in different environments. A total of 873 sandflies were collected, of which 284 (32.5%) were identified as P. perniciosus. The cumulative density (number of specimens/m 2 of sticky trap/two nights) of this vector species was 3.9. P. perniciosus was significantly more abundant in the coastal side (5.8) as compared to the Apennine side (1.4). The main environmental differences between the two sides were the aspect (south-west for the coastal and north-east for the Apennine side) and land use. The predominance of green vegetated environments (forest, semi-natural and agricultural areas) in the coastal side, in contrast with the predominance of artificial surfaces (namely urban environment) in the Apennine side, could be responsible for the different P. perniciosus densities between the two surveyed areas.
Introduction
In the Mediterranean regions, the proven vectors of human and animal leishmaniasis due to Leishmania infantum are phlebotomine sandflies belonging to the subgenus Phlebotomus (Larroussius) (Diptera, Psychodidae). In Italy, P. perniciosus is regarded as the most efficient vector of human (VL) and canine (CanL) visceral leishmaniasis (Bettini et al., 1986; Maroli et al., 1988 Maroli et al., , 1994a Bongiorno et al., 2003) . Several entomological investigations have shown that this species can colonise rural, peri-urban and urban areas (Corradetti, 1962; Biocca et al., 1977; Maroli and Bettini, 1977; Bettini et al., 1991; Maroli et al., 1994b; Maroli and Khoury, 1998) . Resting adults are found during daylight in both domestic and sylvatic sites, including houses and animal shelters, wall crevices, tree holes and animal burrows (Maroli et al., 1994b; Ascione et al., 1996; Maroli and Khoury, 1998) .
The past 15-20 years have seen an ever increasing reliance on cartographic representation of infectious diseases, particularly parasitic infections and their vectors (Bergquist, 2006) . Geographical information systems (GIS) and remote sensing (RS) technologies have become essential tools for disease mapping, ecological analyses, predicting parasite occurrence/seasonality and surveillance for various parasitic diseases Rinaldi et al., 2006) and in particular arthropod-borne diseases.
With respect to phlebotomine sandflies, GIS models have been developed for P. papatasi, a vector of L. major and sandfly fever in southwest Asia (Cross et al., 1996) , and the L. donovani vectors P. orientalis and P. martini in East Africa (Thomson et al., 1999; Gebre-Michael et al., 2004) . More recently, GIS and RS have been used to characterize the landscape epidemiology of American VL (caused by L. infantum = syn. L. chagasi, and transmitted by the New World sandfly Lutzomyia longipalpis) in order to identify and map high risk areas and endemic zones in Bahia state in north Brazil (Bavia et al., 2005) . Also, two predictive models have been developed within GIS using genetic algorithm rule-set prediction and the growing degree day-water budget concept to predict the distribution and potential risk of the disease in this Brazilian state (Nieto et al., 2006) .
Following a systematic review of the literature, evidence-based GIS maps of CanL in Europe (Trotz-Williams and Trees, 2003) and Italy (Cringoli and Pietrobelli, 2006) have been drawn by a thorough analysis of recorded distribution, prevalence and incidence. A health information system has been recently proposed as a tool for the epidemiological surveillance of leishmaniasis in the city of Messina, southern Italy (Brianti et al., 2006) .
The present paper describes an entomological survey conducted along two sides of the Mt. Vesuvius area of southern Italy, an area of intense transmission of VL and CanL (Gramiccia et al., 1992; Gradoni et al., 1993 Gradoni et al., , 1996 Maroli et al., 2001; Baldi et al., 2004; di Martino et al., 2004; Rinaldi et al., 2005) with the sandfly P. perniciosus acting as vector (Maroli et al., 1994a; Ascione et al., 1996) . GIS was used for both the design of the study and the analysis of results in order to map the distribution of P. perniciosus along two opposite sides (coastal and Apennine side) of the Mt. Vesuvius, and to relate its distribution to environmental features.
Materials and methods

Study area
The study was conducted in the territory of Mt. Vesuvius, a 1,281 m high volcano facing the eastern shore of the Bay of Naples in southern Italy. Mt. Vesuvius is a strato-volcano densely populated on its slopes. It is located in a tectonic graben formed in the Plio-Pleistocene, and it is presently in a quiescent state (Auger et al., 2001) .
GIS was used in order to plan the phlebotomine sampling procedures in two sides of the volcano having similar surface areas, using the municipal boundaries as limits, and to choose a similar number of sandfly collection sites at representative elevations in the two territories. The coastal side (64.1 km 2 , facing southwest towards the Tyrrhenian Sea) includes five contiguous municipalities (San Sebastiano al Vesuvio, Ercolano, Torre del Greco, Trecase and Boscotrecase), while the Apennine side (64.2 km 2 , facing northeast towards the inland countryside) includes three contiguous municipalities (Somma Vesuviana, Ottaviano and San Giuseppe Vesuviano) (Fig. 1 ). There are no lakes or rivers in the study area. The climate is temperate.
Establishment of a GIS
A GIS for the study area was constructed, by utilizing the following data layers: digital aerial photographs, administrative boundaries, elevation, slope, aspect, and land use.
Digital aerial photographs (at 1 m resolution) and administrative boundaries were obtained from the Cartographic Office of the Campania region.
Data on elevation, slope and aspect of the study area were obtained from a digital elevation model (DEM) of 40 m spatial resolution from the Cartographic Office of the Campania region. Overlaying DEM and digital aerial photographs, tridimensional maps of elevation, slope and aspect were obtained (Figs. 2 a,b,c). Aspect was divided into the following eight classes: north (337.5-360°a nd 0-22.5°), north-east (22.5-67.5°), east (67.5-112.5°), south-east (112.5-157.5°), south (157.5-202.5°), south-west (202.5-247.5°), west (247.5-292.5°), and north-west (292.5-337.5°). Slope was divided into the following four classes: flat (0°), low (1-15°), medium (16-30°) and high (31-54°).
Land use of the study area was obtained using the "Map of Agricultural Use of Land in Campania" at a 1:50,000 scale edited in 2004 by SESIRCA (Testing, Information, Research and Consulting in Agriculture -Campania Region), supported by the Italian Association for Remotely Sensed Data in Agriculture (ITA) by interpretation of aerial photos (1998-99) and LANDSAT images (May 2001 , July 2001 , April 2002 . It describes land use according to a nomenclature of 38 classes (level 3). These classes were grouped in order to obtain five classes (level 1) corresponding to the main categories of the land cover/land use (built-up/urban areas, agricultural areas, forest and semi-natural areas, wetlands, and water surfaces; Fig. 2d ). All GIS databases were developed using Arc-GIS 9.1 GIS (ESRI, Redlands, CA, USA).
Sandfly collection
Weekly sandfly collections were carried out during a 4-month period (June-September) for two consecutive years (2004) (2005) . Using the transect sampling approach (Rinaldi et al., 2006) , 49 sites were chosen, 24 in the coastal and 25 in the Apennine side of Mt. Vesuvius. Briefly, in each side, the sampling sites were distributed along transects previously selected on the aerial photos of the study area in order to represent ecological type and elevation.
A handheld geographic positioning system (GPS GARMIN 12XL, Garmin International Inc. Olathe, KS, USA) was used to identify the geographical location of the sandfly collection sites with an accuracy of <40 m (Fig. 3) .
Sandfly specimens were collected by using paper traps (20 x 20 cm) soaked in castor oil (sticky traps) (Rioux et al., 1967; Croset et al., 1978) and left in situ for two consecutive nights. Castor oil does not have any attractive or repulsive property; therefore this method is commonly used to survey species from both domestic and wild environments. After capture, the sandflies were removed from sticky traps by means of a fine brush soaked in alcohol and stored in alcohol (95%) pending identification. All specimens were identified to the species level by their morphological characteristics, according to Theodor (1958) and Léger et al. (1983) .
Statistical analyses
Pearson chi-square and Fisher's exact tests were used in order to test differences among proportions.
The non-parametric Mann-Whitney U test was used in order to test differences among average measures. All statistical analyses were performed using SPSS 13.0 software for Windows.
Results
A total of 1,788 sticky traps were employed. Phlebotomine resting sites monitored included wall crevices (869 traps) and domestic places (919 traps).
About 48% of the traps (859) were placed in rural areas and the remaining (929) in environments with major human habitation, namely in urban (473) and peri-urban areas (456). The number of traps placed at each collection site ranged from 6 to 125. A total of 873 sandflies were collected during the two-year survey, of which 284 (32.5%; 95% confidence interval-CI = 29.4-35.8%) were identified as P. perniciosus. Other Phlebotomus species were P. papatasi (0.7%) and P. mascittii (0.1%). The majority of phlebotomine specimens were found to be Sergentomyia minuta (66.7%), a species that has no role in leishmaniasis transmission. along the Apennine side, with no significant difference between the two Vesuvius sides (Pearson chisquare = 2.5; P = 0.117). The cumulative density (number of specimens/m 2 of sticky trap/two nights) of P. perniciosus was 3.9. However, it was found to be significantly more abundant on the coastal side (5.8) as compared to the Apennine side (1.4) (P = 0.043). A map showing the relative density of P. perniciosus in each collection site is shown in Fig. 3 . Data on elevation, slope and aspect of the sites monitored are reported in Table 2 . No significant differences were observed between the two sides of Mt. Vesuvius area as regards elevation (low) and slope (low). However, significant differences were evidenced for the aspect, namely south-west for the coastal side and north-east for the Apennine side. Data regarding land use of the sites are reported in Table 3 . Significant differences were observed between the two sides regarding land use; in the Table 2 . Median values of elevation, slope and aspect for the 49 sandfly collection sites on the coastal and Apennine sides of Mt. Vesuvius. coastal side, collection sites were characterized by the predominance of green environments (forest, semi-natural and agricultural areas), whereas artificial surfaces (namely urban environment) were more frequent in the collection sites located along the Apennine side.
Discussion
The Mt. Vesuvius area is an old and stable focus of intense zoonotic VL transmission, with some 40 human cases recorded annually and CanL seroprevalences in the range of 23.3-31.1% (Gramiccia et al., 1992; Gradoni et al., 1993; Maroli et al., 2001; Cringoli et al., 2002; Baldi et al., 2004; di Martino et al., 2004; Rinaldi et al., 2005) . The sandfly P. perniciosus has been recorded as the sole vector (Maroli et al., 1994a; Ascione et al., 1996) . This species is known to be very abundant along the coastal regions of Italy at 200-300 m above sea level; the highest elevation at which this species was recorded is 1070 m, in the Apennines of the Abruzzo region . Our study confirms that P. perniciosus is widespread in the Mt. Vesuvius area and that it can be regarded as the only vector of leishmaniasis in the area. The other phlebotomine species collected during the study have no role in L. infantum transmission (Killick-Kendrick, 1990) .
In the present entomological survey, GIS was used in order to map the distribution of P. perniciosus along the coastal and the Apennine sides of the Mt. Vesuvius; and to relate its distribution to environmental features, namely elevation, aspect, slope and land use. Our findings show that P. perniciosus is widespread in both the coastal and Appenine sides of Mt. Vesuvius although higher densities were found on the coastal side than on the Apennine side.
The only environmental differences found between the two sides, of the factors examined, were aspect and land use. The coastal side is characterized by the predominance of green vegetated environments (forest, semi-natural and agricultural areas), whereas urban environments are found more frequently in the Apennine side. These differences could be responsible for the differences in P. perniciosus densities between the two sides. However, even low densities of this competent vector, especially when associated with an urban environment, seem sufficient to ensure Leishmania transmission among susceptible hosts. In fact, no significant differences were found in the incidence of human cases recorded for the two sides of Mt. Vesuvius in studies done over a 1996-2005 period (2.8/10,000 in the coastal versus 1.8/10,000 in the Apennine side; data on file, Istituto Superiore di Sanità, Rome) nor in canine leishmaniasis seroprevalence of the two areas (unpublished data).
GIS and RS are useful tools for epidemiologists and other scientists working in the geospatial health field to provide much needed data regarding the spatial and climatic parameters which determine the distribution limits of communicable (parasitic) diseases at various scales, for example, at the district, country or regional levels (Bergquist, 2006) . Regarding leishmaniasis, GIS/RS has been mostly employed to produce predictive models that, although identifying geographic areas generally permissive for disease transmission does not specifically identify areas where disease transmission actually occurs, owing to the focal nature of the phlebotomine vectors, which require niches where both blood-feeding sources and microclimate are conducive for resting, breeding and survival (GebreMichael et al., 2004) .
Studies reported here using high spatial resolution GIS data layers on P. perniciosus distribution and associated environmental features on the coastal and Appenine sides of Mt. Vesuvius successfully revealed major differences in density of this phlebotomine vector associated with aspect and land use.
Vector density differences were not reflected in records of L. infantum transmission to humans or dogs in 1999-2005 in the current studies; however, suggesting the need to consider other environmental, mammalian host availability, or other risk factors in further studies. Descriptive maps of vector density and environmental features developed in the current work based on ground observations provide essential foundation data for further studies towards the long-term aim of generating predictive maps of leishmaniasis risk by statistical patternmatching (Randolph, 2000) and ecological niche modelling methods.
